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Minimization of Volatile Organic Sulphur byproducts In Dimethyl Sulfate 
Quatemlzation of Amines Made With Hypophorous Acid. 

Field of the Invention 

The present Invention relates to a process for the minimization of volatile organic 
sulphur byproduct In dimethyl sulfate quatemlzation of amines made with 
hypophorous acid, which leads to the fonnation of an odor stable product. 

Background of the Invention 

Quatemized fatty acid triethanolamlne ester salts are cationic surfactants which are 
excellent fabric-softeners that have high ecotoxicologlcal compatibility. Ester quats 
are typically produced In a two-stage process in which triethanolamlne Is first partly 
esterifled with fatty acids and the reaction product is subsequently alkylated or 
quatemized with an alkylating agent. Hypophosphorous acid and sodium 
hypopliosphite are preferred catalysts for the esteriflcation step. However, during 
worthing up, particularly at relatively high temperatures, certain by-products are 
fornied, resulting in an adverse effect on the odor of the quatemized product. The 
present invention provides a process for the production of quatemized fatty acid 
triethanolamlne ester salts having minimal odor problems. More specifically, the 
invention provides a process for the minimization of volatile organic sulphur 
byproducts in dimethyl sulfete quatemlzation of amines made with hypophorous acid, 
which leads to the fonnation of an odor stable product. 

Detailed Description of the Invention 

The present Invention relates to a process for the minimization of volatile organic 
sulphur byproducts in dimethyl sulfate quatemlzation of amines made with 
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hypophorous add, which leads to the formation of an odor stable product. The 
process of the Invention is especially useful in the production of color- and odor- 
stable quatemized fatty acid triethanolamine ester salts. 

Dimethyl Sulfate quaternaries are typically made In two steps. The first step Is to 
esterfy the starting ethanolamlne, for esrample triethanolamine, with fatty acid in the 
presence of an esterification catalyst/reductive bleaching agent, i.e., for example, 
hypophosphorous acid. The second step is to quatemize the esteramlne with 
dimethylsulfate in order to form the ester quatemary ammonium compound. The 
synthesis of ester quaternaries can, however, result in a product that exhibits a foul 
objectionable odor. The present inventors have detemiined that the cause of this 
objectionable odor is a small amount of sulfur dioxide impurity In the dimethyl sulfate 
alkylating agent. More particularly, the sulfur dioxide impurity in the dimethyl sulfate 
is, under quaternlzatlon conditions, partially converted to hydrogen sulfide, methyl 
mercaptan, dimethyl sulfide and dimethyl disulfide, and other odor causing by- 
products in trace form. These undesirable by-products are the source of 
objectionable odors in the final product. Accordingly, the present invention is based 
on the discovery that sulfur dioxide is the source of odor by-products in the production 
of dimethyl sulfate quaternaries. By extension, if the sulfur dioxide is removed or 
minimized in the dimethyl sulfate, then the sulfur by-product concentrations will be 
minimized and improve the odor profile of the final product 

The present inventors have discovered a process for the production of odor stable 
products prepared from the dimethyl sulfate quaternlzatlon of amines made with 
hypophosphorous acid. Such products are odor stable because the volatile organic 
sulphur by-products which lead to the fonnatlon of objectionable odors are minimized. 
In this regard the invention comprises quatemlzing said amines with a dimethyl 
sulfate quaternlzatlon agent wherein said dimethyl sulfate has a sulfur dioxide content 
of less than 10 parts per million (ppm), preferably less than 8 ppm, and still more 
preferably less than 5 ppm. Minimizing the sulfur dioxide content in the dimethyl 
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sulfate quatemization agent reduces or eliminates the formation of undesirable odor 
causing by-products such as hydrogen sulfide, methyl mercaptan, dimethyl sulfide 
and dimethyl disulfide, resulting in a greatly improved odor profile of the final product. 
The present invention is not limited to processes for the preparation of ester quats but 
rather, is applicable to any dimethyl sulfate quatemi2Btlon process of amines made 
with esterification catalyst/reductive bleaching agents. 

The esterification catalyst/reductive bleaching agents employed in the context of the 
present Invention are characterized in that they typically have a standard reduction 
potential of at least 0.5 volts. Nonlimlting examples of such esterification 
catalyst/reductive bleaching agents are hypophosphorous acid, sodium 
hypophosphite and mixtures thereof. 

In another embodiment, the present invention relates to quaternary ammonium 
compounds having particularly good perfomnance and stebility profiles obtained by 
reaction of C12 - C22 ^tty acids or the hydrogenation products thereof, or a mbcture of 
such acids, with an alkanolamlne In the presence of an acid catalyst, wherein the ratio 
of fatty acid to alkanolamlne is from about 1 .40 -2.0. The resultant esteramlne 
reaction products are subsequently quatemized to obtain tiie quaternary ammonium 
salts of the present invention. 

The fetty acid is preferably a C16 - C22 acid containing a degree of unsaturation such 
that the iodine value ("IV") is in the range of from about 0-140, preferably, from about 
3-90, more preferably in the range of 40-60 and still more preferably, in a range of 
from about 45-55. Preferably, the fatty acid source Is selected from C12-C22 fatty 
acids represented by the formula: 

Rx-COOH, 

wherein, Rx is a C11-C21 alkyi group. 
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Preferred sources of C12-C22 fatty acids are selected from the group consisting of: 
lauric acid, tridecyllc acid, myristic acid, pentadecylic acid, palmitic acid, margaric 
acid, stearic acid, arachidic acid, phytanic acid, behenic acid, anionic derivatives 
thereof, salts thereof, and combinations thereof. 

Preferred sources of acid are C12-C22 fatty acids comprising a saturated alkyi group. 
Other prefenred sources of acids are C12-C22 fatty acids comprising an unsaturated 
group, typically having an Iodine value of from 15 to 25. preferably from 18 to 22. 

The source of add may be selected from the group consisting of palmitoleic add, 
oleic acid, elaldic add, vaccenic add, llnoleic acid, cis-eleostearic acid, trans- 
eleostearic acid, linolenic acid, arachidonlc acid, anionic derivatives thereof, salts 
thereof, and combinations thereof. 

PrefenBd sources of fetty acids are selected from the group consisting of coconut, 
soybean, tallow, palm, palm kernel, rapeseed, lard, sunflower, com, safflower, canola, 
olive, peanut, and combinations thereof. A preferred source of acid Is hard tallow 
fatty acid and/or partially hydrogenated tallow fatty acid. 

Preferred fatty acids include but are not limited to oleic, palmitic, erucic, eicosanic and 
mixtures thereof. Soy, tallow, palm, palm kernel, rape seed, lard, mixtures thereof 
and the like are typical sources for fatty acid which can be employed in the present 
invention. The fatty acid(s) employed in the present process optionally have a els to 
trans isomer ratio of from about 80:20 to about 95:5. In another embodiment, the 
trans isomer content of said fatty acid(s) is less than about 10%. An typical trans- 
Isomer content is between about 0.5 - 9.9%. A preferred fatty add is a mbdure of 
tallow/distilled tallow having a ds:trans isomer ratio of greater than 9:1 . Partial or fully 
hydrogenated fatty adds can be employed In the process of the present Invention. 
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The alkanolamines employable in the present invention generally correspond to the 
formula; 

R 

I 



herein R, Ri and R2 are independently selected from C2 - Ce hydroxyalkyi groups or a 
group of the formula 

R3 

/ 

(CH2CHO)z 

where R3 is independently H or a Ci to C4 alkyi and z is 1 to 10. 
Alternatively, tiie aiicanolamines can be of the formula: 

R3 

\ 

(CH2CHO)nH 

/ 

R4 — N 

\ 

(CH2CHO)mH 
R3 



Where R4 is a linear or branched, substituted or unsubstituted alkyl group, amidoalkyi 
group, etheralkyi group, or poiyoxyalkylene group, n and m = 1-10, and R3 has the 
meanings defined above. 
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Examples of alkanolamines useful in the context of the present invention Include, but 
are not limited to, triethanolamine, propanol diethanolamlne, ethanol 
dilsopropanolamine, triisopropanol amine, diethanolisopropanol amine, 
diethanolisobutanolamine, methyl diethanolamlne and mixtures thereof. 

The molar ratio of fatty acid to alkanol amine Is generally in the range of from about 
1.4 to 2.0, preferably from about 1.55 - 1.90, and more preferably. In the range of 
from about 1.65-1.75. Best results are usually obtained when the molar ratio is 
between about 1.68-1.72. The add catalyst employable in the present process 
includes, but is not limited to. acid catalysts such as sulfuric acid, phosphorous acid, 
p-toluene sulphonic add, methane sulphonic acid, oxalic acid, hypophosphorous acid 
or an acceptable Lewis acid in an amount of 500-3000 ppm based on the amount of 
fetty add charge. A preferred acid catalyst is hypophosphorous acid. Typically. 0.02 
- 0.2 % by weight, and more preferably 0.1 to 0.15 % by weight of add catalyst, 
based on the weight of fetty acid, In employed in the present process. 

The esterification of fatty adds with alkanolamines is canied out at a temperature of 
from about 150° - 250"C until the reaction product has an ackJ value of below 5. After 
the esterification, the crude product is reacted with alkylating agents in order to obtain 
the quaternary ammonium product. The alkylating agent employed in the present 
invention is dimethyl sulfate having a duifur dioxide content of less than about 10 
ppm. Typically, 0.7 to 1 .0, preferably 0.75 to 0.98 mol dimethyl sulfate per mole of 
esteramine is satisfactory In yielding the quatemized product. 

The quatemization may be carried out in bulk or in solvent, at temperatures ranging 
from 60"* - 120*^0. If a solvent is employed, then the starting materials and/or product 
must be soluble in the solvent to the extent necessary for the reaction. Solvents of 
this type are generally known in the art Suitable examples include polar solvents 
such as, for examp\e, lower alcohols, i.e.. Ci - Ca alcohols. Other solvents which can 
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be employed include, but are not limited to mono-, dl-, and tri-glycerides, fatty acids, 
glycols and mixtures thereof. 

The products of the invention can beneficially be employed in textile softening and/or 
personal care compositions and In other applications typical for cationic surfactants. 

The invention will now be illustrated by the following non-limiting examples. 

Example 1 - Quaternization of TEEMA (tallow fatty acid esters of triethanolamine) 
In a 500 ml 3-necked flask we placed 250.3 g (0.386 mol) of HT (hardened tallow) 
TEEMA (Pilot Plant batch 2279) containing 320 ppm of residual hypophosphorous 
add. We treated this at 75-90" with a total of 45.6 g (0.361 mol) of dimethyl sulfate 
containing 7 ppm of sulfur dioxide by GC analysis. After the addition, the reaction 
was held at 90° for 1 hr before 30 g of isopropyl alcohol was added to make the final 
TEQ (methyl quaternary ammonium salt of triethanolamine esters). 

Comparative Example 1 

We used the same procedure and ingredients of Example 1 except that standard 
commercial dimethyl sulfate containing 984 ppm of sulfur dioxide was employed. 

The TEQ from the above examples was formulated into febric softener compositions 
whose odors were compared by a panel. In addition, both quat samples were 
analyzed for sulfur-containing species by GC. Results are summarized in the table 
below. 



TEQ Made from Low- and High-S02 DMS 



Analysis 


Example 1 


Comp. Ex. 1 


S02 in DMS 


7 ppm 


984 ppm 


Malodor detected? 


No 


Yes 


CH3SH by GC 


Not detected (<2 ppb) 


6 ppb 



